largely depends on the anatomical index-based tumor node metastasis (TNM) stage. Nevertheless, even at the same TNM stage, patients may exhibit observable variation in clinical outcome and response rate (RR) to treatment partially due to the marginal factors evading from the ongoing staging system. [3] Therefore, it is urgent to figure out the molecular markers those help us to stratify the patients according to the clinical prognosis as well as sensitivity to chemotherapy in order to adjust the management strategy toward them.
Excision repair cross-complementation group 1 (ERCC1) is widely recognized as a powerful component of nucleotide excision repair (NER) pathway, which not only involves the repair of interstrand cross-links in the DNA but also involves the recognition and remove of cytotoxic agents like platinum. [4] There are conflicting opinions toward the impaction of elevated ERCC1 expression on tumor progression. The tumor suppression effect of platinum agents as oxaliplatin mainly hinges on the platinum-DNA adducts secondary to their binding to cellular DNA, which can trigger cell destruction. Repair of DNA damage and removal of the DNA adducts by ERCC1 transmitted NER pathway are recognized as one of the mechanisms explaining cellular resistance to platinum agents; [5] meanwhile, some authors believed that the increased removal of bulky DNA adducts, which can also be produced by the other detrimental carcinogenic factors, are beneficial for the genome stability and cancer prevention. [6] The relationships between ERCC1 expression and clinical outcome have been explored in various kinds of malignant cancers including gastric cancer, [7] ovarian cancer, [8] and lung cancer. [9] For patients with CRC, the definite prognostic value of ERCC1 expression has not been established yet. Some authors suggested that increased expression of ERCC1 predicted inferior RRs to chemotherapy and survival outcome; [10] while some authors did not conclude any significant association between ERCC1 expression level and clinical prognosis. [11] In this setting, we felt it is essential to perform a systematic meta-analysis involving the relevant available articles to unveil the prognostic value of ERCC1 in patients with CRC.
Methods

Literature research
A systematic literature search was performed using PubMed (Medline), Embase, Cochrane Library, Web of Science databases, and Chinese Science Citation Database for all years up to September 2015. Terms used in our search included: "ERCC1" (e.g., "ERCC-1," "excision repair cross complementing group 1", "excision repair cross complementing group-1"), "prognosis" (e.g., "outcome," "survival," "mortality," "recurrence"), and "CRC" (e.g., "colorectal cancer," "colon cancer," "rectal cancer"). The literature should be written in English or Chinese. In addition, the reference lists were carefully screened to identify as more related articles as possible.
Study inclusion/exclusion criteria
All candidate articles were scrutinized by two independent reviewers (Li MX and Bi XY) with the following criteria: (1) the diagnosis of CRC was made based on pathological examination; (2) ERCC1 expression was measured in the tumor samples; (3) correlation of ERCC1 expression level with survival outcomes as overall survival/progression free survival (OS/PFS) or response to chemotherapy was reported. The hazard ratios (HRs) or odds ratios (ORs) with the respective 95% confidence interval (CI ) were either directly reported or could be reconstructed by the other available data [12] or figures in the essay; [13] (4) the study population received chemotherapy as the main treatment, which was defined as that over 70% of the studied patients received chemotherapy; (5) for studies with overlapping study population and data sets, only the most informative one was included. Any divergences were addressed by discussion.
Exclusion criteria were defined as: (1) abstracts, letters, editorials, expert opinions, reviews, case reports, case series <5 cases, meta-analyses; (2) articles without sufficient published data for determining an estimate of HR (OR) and a CI; (3) literature without the cut-off value defining "elevated ERCC1;" (4) Not human-based research.
Data extraction
The extracted data included: (1) first author's name, year of publication, country (region) of the population studied, patients' age, sample size, gender, treatment setting, follow-up period, and detection methods; (2) survival data including OS and PFS; (3) cut-off value defining "elevated ERCC1" and number of positive/high ERCC1 expression. OS was defined as the interval between the medical treatment and the death of patients or the last follow-up. PFS was calculated from the date of treatment until the detection of the recurrence tumor or death from any cause.
Quality assessment of primary studies
The quality of the retrieved studies was gauged by the Newcastle-Ottawa Quality Assessment Scale (NOS) [Supplementary Table 1 ]. NOS scores of ≥6 indicated high quality. Two reviewers (Li MX and Bi XY) independently carried out the assessment. The consensus was finally reached through discussion when discrepancy occurred.
Statistical analysis
The HRs and 95% CIs were directly retrieved from the essays or were synthesized indirectly from available statistics and/or figure plots in the articles by methods reported by Parmar et al. [12] and Tierney et al. [13] If several estimates were reported for the same value, the most persuading one was favored (multivariate analysis was superior to univariate analysis. And the latter one outweighed unadjusted KaplanMeier analysis).
A test of the heterogeneity of the included trials was undertaken using the Cochrane's Q statistic. I 2 > 50% referred to severe heterogeneity. The random-effects (DerSimonian-Laird method) models were adopted in the presence of sever interstudy heterogeneity (I 2 > 50%); otherwise, the fixed-effect model was applied. All statistical tests were two-sided, and the significance level was set at 5%. 
results
Description of the included studies
A total of 87 articles were identified in our initial literature search. After further evaluation of the primary identified articles, 11 articles [10, 11, [14] [15] [16] [17] [18] [19] [20] [21] [22] with sample sizes ranging from 50 to 895 patients were included in our final meta-analysis. The flowchart of literature selection is illustrated in Figure 1 . For the study evaluating patients with gastrointestinal cancer by Uchida et al., [14] 88 of the 91 (96.7%) enrolled patients were diagnosed as CRC, thus we finally admitted it into our further analysis. Nine of the included studies were English written articles, and 2 were published in Chinese. Tumor response to chemotherapy was evaluated by Response Evaluation Criteria in Solid Tumors (RECIST) criteria [23] in 2 studies, by WHO criteria in 1 study, and by the specific criteria by the authors themselves in 3 studies. Expression of ERCC1 was assessed by IHC in 6 studies and by PCR in 5 studies. Coincidently, expression of ERCC1 in all of the studies from the Caucasian region was examined by PCR; while expression of ERCC1 in all of the trials performed in Asian region were assessed by IHC. Nine of the 11 included studies earned a NOS score ≥6. The basic information of the included studies was summarized in Table 1 .
Excision repair cross-complementation group 1 and overall survival
A total of 8 essays presented the data about the relationship between ERCC1 expression and OS. Though with heterogeneity, the pooled analysis demonstrated that patients with increased ERCC1 expression predisposed to have shorter OS (HR = 2.325, 95% CI: 1.720-3.143, P < 0.001) [ Figure 2a ]. Except for the subgroup analysis of treatment setting as PCT, the majority of the subgroup analysis agreed with the overall results [ Table 2 ].
Excision repair cross-complementation group 1 and progression free survival
The relationship between ERCC1 expression and PFS was explored in 6 studies. The combined HR of 1.917 revealed a significant association between elevated ERCC1 expression and inferior PFS (HR = 1.917, 95% CI: 1.366-2.691, P < 0.001) [ Figure 2b ]. Except for the subgroup analysis of studies with a sample size <100 and studies whose HR was indirectly retrieved, the majority of the subgroup analysis agreed with the overall results [ Table 2 ].
Excision repair cross-complementation group 1 and response rate to chemotherapy
Information about the association between ERCC1 expression and RR to chemotherapy was described in 6 trials. Patients with elevated ERCC1 expression were inclined to response poorer to the chemotherapy compared with those with lower expression of ERCC1 (OR = 0.491, 95% CI: 0.243-0.990, P = 0.047) [ Table 3 and Figure 3 ].
Subgroup analysis stratified by study region suggested that ERCC1 expression was associated with the RR to chemotherapy in Asian population (OR = 0.391, 95% CI: 0.172-0.888, P = 0.025); in the subgroup divided by the detection method, a significant relationship between elevated ERCC1 expression and resistance to chemotherapy was obtained in the IHC subgroup (OR = 0.391, 95% CI: 0.172-0.888, P = 0.025); when the studies were stratified by the sample size, we found that the significant relationship between ERCC1 overexpression in the subgroup with sample size larger than 100 (OR = 0.235, 95% CI: 0.094-0.588, P = 0.002); significant association between elevated ERCC1 expression and improved RR was also detected in the subgroup of prospective designed studies (OR = 0.399, 95% CI: 0.160-0.995, P = 0.049) [ Table 3 ].
Sensitivity analysis
In the sensitivity analysis, the influence of each study on the pooled HR/OR was examined by repeating the meta-analysis while omitting one of the enrolled studies at a time. The respective HRs/ORs was not materially changed (data not shown). The results showed that our results were robust.
Publication bias
In the present meta-analysis, Egger's test was used to Forest plots of the hazard ratio for the association between excision repair cross-complementation group 1 expression and overall survival (a) and progression-free survival (b) in patients with colorectal cancer with random effects model. Horizontal lines correspond to the study-specific hazard ratio and 95% confidence interval, respectively. The size of the squares reflects the study-specific weight. The diamond represents the results for the pooled hazard ratio and 95% confidence interval. assess the publication bias of literature. Egger's tests indicated no significant publication bias among studies with overall analysis of OS (P = 0.733), PFS (P = 0.365) and RR (P = 0.063). Forest plots of the hazard ratio for the association between excision repair cross-complementation group 1 expression and response rate to chemotherapy in patients with colorectal cancer with random effects model. Horizontal lines correspond to the study-specific hazard ratio and 95% confidence interval, respectively. The size of the squares reflects the study-specific weight. The diamond represents the results for the pooled hazard ratio and 95% confidence interval. 
dIscussIon
The pooled analysis involving 11 studies and 2076 patients revealed that increased expression of ERCC1 is significantly correlated with shorter OS and PFS. Moreover, an elevated level of ERCC1 expression significantly predicted patients' resistance to chemotherapy. In the subsequent subgroup analysis, the majority of the results went along with the overall results.
The neoadjuvant and adjuvant chemotherapy mainly involving oxaliplatin and (or) 5-fluorouracil (5-FU) have been proved to downstage the tumor and to reduce the tumor recurrence effectively. [24] In our subgroup analysis on the basis of treatment setting, elevated expression of ERCC1 was significantly related with poor survival outcome no matter in the ACT subgroup and in the PCT subgroup. Nevertheless, resistance to chemotherapy seriously hinders the further improvement of its therapeutic effects. It was estimated that at least half of the patients had poor responses to the FOLFOX regiments as the first-line treatment. [25] Kirsten rat sarcoma viral oncogene (KRAS) and V-rafmurine sarcoma viral oncogene homolog B1 (BRAF) status, which stratify the patients according to their sensitivity to the anti-EGFR agent cetuximab, have been incorporated into the clinical guideline as a part of the indication for molecular targeted therapy. [26] But no molecular marker predicting the therapeutic efficacy of oxaliplatin and (or) 5-FU-based chemotherapy has been widely accepted yet. [27] ERCC1, the rate-limiting enzyme in the NER pathway, is an attractive target to modulate the cellular sensitivity to platinum-based chemotherapy. Several preclinical studies discovered that cancer cells with an elevated ERCC1 expression often possessed a high DNA-repair capability on exposure to platinum drugs. It was reported that the oxaliplatin resistance induced by ERCC1 was abrogated by siRNA-mediated gene silencing in human CRC cells. [28] The present meta-analysis, chiefly focused on patients underwent chemotherapy, revealed that patients with increased expression of ERCC1 predisposed to be resistant to chemotherapy and a short PFS, and OS was very likely the consequence. It was consistent with the theoretical inference and the analogous meta-analyses assessing the prognostic value of ERCC1 in gastric cancer, [29] small cell lung cancer, [30] and nonsmall cell lung cancer.
[31]
Thus, we inferred that ERCC1 might be employed as an indicator of therapy effects and the survival outcome.
Observable interstudy heterogeneity was marked in our meta-analysis. As meta-regression analysis is best suitable for meta-analysis involving more than 10 studies, we can only try to figure out the source of heterogeneity through the subgroup analysis. In the meta-analysis concerning OS, we found that survival analysis (univariate vs. multivariate analysis), study region, and detecting method might account for the heterogeneity to some extent. Coincidently, expression of ERCC in studies conducted in the Caucasian region was determined by PCR; while studies from the Asian region all took IHC as the assessing tool. Limited by the relevant information, the relationship between study region and detection method could not be conducted. Thus, we could not determine whether the discrepancy in I 2 value was the result of the underlying ethnicity background or the result of the detection methods of studies. Moreover, confounding factors such as the baseline differences among the study population, the laboratory protocol, and the chemotherapy regiment were not taken into our analysis due to the limited information or the limited number of studies sharing the same features. We could only infer that survival analysis, study region, and detecting method may explain the source of heterogeneity to some extent. Further studies were warranted to investigate the impaction of ethnicity background on ERCC1 expression and the clinical prognosis. In addition, for the pooled estimate focusing on PFS, we came to find that the treatment setting, study region, and detecting method might partially be responsible for the heterogeneity. The study region and detecting method may in part explain the source of interstudy heterogeneity in the meta-analysis evaluating the relationship between ERCC1 expression and response to chemotherapy.
Response to treatment is usually assessed by imaging manifestation and pathological examination. The pathological examination has long been regarded as the golden standard, but it is only available in limited cases. There are several imaging appraising criteria including WHO criteria, European Association for the Study of the Liver guidelines criteria, [32] and modified RECIST criteria. [23] Until now, none of the above guidelines has been acknowledged as the best standard for gauging the treatment response through imaging modalities. In the meta-analysis involving 6 cohorts gauging the predictive value of ERCC1 expression in RR to chemotherapy, 2 adopted the RECIST criteria and 1 was measured by the WHO criteria; meanwhile, the rest 3 articles took the specific criteria defined by them or even did not report the detailed criteria. In the present meta-analysis, we could not perform the subgroup analysis based on the criteria evaluating the response to treatment due to a limited number of studies sharing the same criteria.
In our study, ERCC1 expression was detected in 5 studies at the transcriptional level by PCR and at the protein level by IHC in another 5 trials. Differences in the Taq polymerase, the primer, and the concentration of dNTP are all recognized as sources of bias in the outcomes measured by PCR. [33] No standard procedure of IHC is erected now. Variation in the sample storage, fixation time, the source of antibody, and the dilution of the antibody may greatly influence the results. [34] Moreover, the scoring of the expression was subjectively gauged by the technicians in each study. In addition, the cut-off value defining the elevated expression of ERCC1 in the enrolled studies varied from institution to institution, which might be a source of heterogeneity. In some studies using IHC as the detection method, score as 1.73, 2, or 4 was taken as the cut-off value. And in studies using PCR as the detection method, cut-off value was set as 25%, 75%, 4.9 × 10 −3 , or 4.9 × 10 −3 . We could not perform the subgroup analyses accordingly, as few studies shared the same cut-off value. And also, the comparability of PCR and IHC in detecting the expression of ERCC1 is a concern in the meta-analysis. Recent studies discovered several isoforms of ERCC1 (201, 202, 203, and 204) . [35] Of them, ERCC1-202 isoform was supposed as the only isoform implying the DNA-repair capability and might function as the predictor of response to platinum-based chemotherapy, which has been proved in patients with NSCLC. [35] However, the commonly used detection approaches of clinical samples, including IHC and PCR, cannot correctly discriminate the isoforms. It may lead to inaccurate interpretation of ERCC1 and NER pathway activity.
Despite our efforts to conduct a systematic analysis, admittedly, there were some other limitations in our meta-analysis. First, the study design may be a concern, as 5 of the enrolled studies were prospectively performed and 6 of them were retrospectively performed. Retrospective studies had intrinsic defects such as selection bias and recalling bias. The significant relationships between elevated ERCC1 expression and survival outcome were not altered by the respective subgroup analysis, which further strengthened our results. Second, some HRs were indirectly produced by the relevant data [12] or retrieved from the Kaplan-Meier curves, [13] which were less reliable than the directly reported ones. It should be noted that the P values for the KaplanMeier curves in the study by Huang et al. [19] were presented as P < 0.001, we could only adopt the P value as 0.001, i.e., the upper limit of the actual P value, in our HR (95% CI ) estimating process. We could infer that the positive results of our meta-analysis were robust as the pooled HRs (95% CIs) evaluating ERCC1 overexpression and survival outcome were somehow underestimated. What is more, HRs were synthesized by different survival analyses in the pooled articles. Subgroup analysis stratified by the survival analysis and HR extraction method all agreed with the overall results, which suggested that our results were steadfast. Third, the dosage and detailed regiment were not uniform among the included institutions. Moreover, chemotherapy was performed as the first-line treatment in some trails while in some other studies it was conducted as the second line treatment. They all might contribute to the heterogeneity in the meta-analysis. Fourth, publication bias remains to be the main concern for all meta-analysis. Articles with positive results were much more favored by the journal's editorial board than the negative ones. [36] Thus, the present results may be overvalued to some extent. [36] Moreover, due to limited information regarding the association between ERCC1 and toxicity were provided, we could not perform the respective meta-analysis. In addition, though we tried our best to identify as more relevant articles as possible, we only searched the above-listed databases and only referred to essays written in English and Chinese. The included number of studies may be somehow insufficient.
In conclusion, elevated ERCC1 expression is a useful prognostic biomarker which is significantly associated with unfavorable survival outcomes (OS and PFS) in patients with CRCs. And increased expression of ERCC1 can also function as a molecular marker predicting patients' resistance to chemotherapy. Future prospective studies with large sample sizes and better study designs are required to confirm our findings.
